
STUDY OF THE PROPAGATION PFlOCESS OF A FIEACTION 
I N  Som PHASES 

P.I.Ekl~kevkh and Ye,S*Osinovik 

2 N66 33682 s 
I mHRUl 

L 

UCCESSION NUMEERI 
le 

> 
P 
- z 5  (PAGES) 
2 

i 
( U r E Q O R n  (NASA CR O R  TMX O R  AD NUMBER1 

Translation of "Izucheniye protsessa rasprostraneniya 
reaktsii v tverdykh fazakh". 

Izvestiya Akademii Nauk Belorusskoy SSR, 
NO-5, pp*&9-160, 1955. 

GPO PRICE 

CFSTl PRICE(S) $ 
$------- - 

Hard copy (HC) 09, rn 

4 Microfiche (MF) 
f f  653 July 65 

NATIONAL AEEDNAUTICS AND SPACE AIMINISTRATION 
WASHINGTON JUNE 1966 \ ! 

b 



STLJDY OF THE PROPAGATION PROCESS OF A REACTION -%/a9 
I N  SOLID PHASES 

P .I. Belt kevic h and Y e  . S .Osinovik 

3' 
The propagation rate of reactions i n  so l id  phases was studied 

on the example of t h e  change i n  e l e c t r i c  conductivity of 

silver oxalate during thermal dissociation at  105 - 12O'C. 

Tabulated data  on decomposition after explosion and velocity- 

time curves fo r  thermal dissociation are given to  demonstrate 

that the explosive decomposition of s i l v e r  oxalate on reach- 

ing t h e  maximum reaction velocity proves its autocatalytic 

decomposition under the  e f fec t  of a so l id  reaction product. 

The self-catalysis i n  topochemical reactions i s  a t t r ibu ted  

t o  the  formation of a sol id  phase re la ted  with the  c rys t a l  

l a t t i c e  of t h e  initial substance. The motion of electrons 

along a Wire, not connected with the  c rys t a l  l a t t i c e  of t h e  

oxalate, w i l l  not cause explosion. 

In a number of investigations (Eibl.1 - 3) i n t o  the reaction k ine t ics  of 

t h e  thermal dissociat ion of silver oxalate, Beltkevich, Volkova, and Yerofeyev 

showed t h a t  this react ion proceeds according t o  t h e  equation 

through the  formation and growth of point nucleation l o c i  of metal l ic  s i l v e r  

which have a ca ta ly t ic  action on the  ra te  of decomposition of the s t a r t i ng  salt. 

A thorough study of the  e f f ec t  of various conditions on the  course of the reac- 

-3 Numbers i n  the  margin indicate  pagination i n  the o r ig ina l  foreign text. 



t i o n  confirmed this conclusion. 

thermal dissociat ion of s i l v e r  oxalate remained unchanged both during t h e  de- 

composition of pure s i l v e r  oxalate and during the  decomposition of silver oxal- 

ate deposited on an i n e r t  c a r r i e r  o r  taken h the  form of a s o E d  solut ion with 

sodium oxalate o r  else taken i n  t h e  form of a mechanical 

materials at  various rat ios .  

The kinet ic  r egu la r i t i e s  of t he  react ion of 

with i n e r t  

However, the  concept of t h e  course of t h e  reaction through the  formation 

and growth of three-dimensional s i l ve r  nuclei, based only on k ine t ic  laws, may 

be quite unfounded. 

fe ren t  in te rpre ta t ions  of this reaction. 

expounded the  theory of t he  decomposition reaction of s i l v e r  oxalate by a chain 

mechanism; Pavlyuchenko (Bibl.5, 6)  i n  a number of papers maintained t h a t  self- 

accelerat ion of such reactions i s  not caused by t he  formation of nucleation l o c i  

of a new sol id  phase with an autocatalytic e f f ec t  on t h e  reaction velocity but 

ra ther  by the  destruction of t he  c rys ta l  l a t t i c e  of t h e  s t a r t i ng  substance. 

Therefore, w e  attempted t o  f ind  a d i rec t  experimental proof of t h e  validity of 

the  assumptions expressed here. 

T h i s  i s  a l l  t h e  more so since the l i t e r a t u r e  contains dif- 

Thus, MacDonald (Bibl.4) a t  one time 

To solve the problem of the  nature of t he  i n i t i a l  centers and t o  investi-  

gate  the  process of t he  propagation of t h e  reaction from these centers, we 

studied t h e  var ia t ion i n  e l e c t r i c a l  conductivity of s i l v e r  oxalate during t h e 4  

dissociat ion . 
In  our opinion, a measurement of conductivity should have furnished new 

data  permitting an evaluation of t h e  form of t he  nucleation loc i ,  of t he  reac- 

t ion ,  and of the  character of growth of t he  react ion nuclei. 

theore t ica l ly  possible . 

8 

Three cases are 

1. The nucleation l o c i  of the  reaction occur as point  formations. The 
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react ion nuclei  grow at  t h e  same rate along three mutually perpendicular direc- 

t i o n s  . Three-dimensional nuclei W i l l  form. 

2. The nucleation l o c i  of t h e  reaction are l i n e a r  formations ( f o r  example, 

the edge of a crystal) .  

rections,  forming cyl indr ica l  nuclei. 

The nuclei  grow i n  two mitually perpendicular G i -  /I50 

3. A t  f i r s t ,  t h e  face of t h e  c rys t a l  reacts. The nucleation l o c i  of t h e  

reaction are lamellae. 

t i o n a l  nuclei. 

The nuclei  grow i n  one direction, forming plane-transla- 

It i s  natural t h a t  t he  quantity of decomposed s i l v e r  oxalate, before t h e  

appearance of conductivity of t h e  crystal ,  W i l l  depend on the  shape of t he  

react ion nuclei. 

be conductive i f  the  first lamella in t e r sec t s  the crystal .  

thre-dimensional development of the  nuclei, t he  c rys t a l  W i l l  be conductive 

only when i ts  e n t i r e  surface i s  covered with metal l ic  s i l v e r  due t o  contact with 

a cer ta in  number of react ion nuclei. 

I n  the  latter case (plane-translational nuclei) ,  t h e  salt w i l l  

In  t h e  case of a 

The method of measuring the  e l e c t r i c  conductivity of a p a r t i a l l y  decomposed 

substance, t o  invest igate  t h e  propagation process of a react ion i n  so l id s  was 

used by J.MacDonald and R-Sandison (Bibl.7) who performed the  t h e 4  dissoci+ 

t i on  of pe l le ted  s i l v e r  oxalate t o  a certain degree of decomposition and 

measured the  conductivity of t h e  p a r t i a l l y  decomposed preparation a t  t h e  tem- 

perature  of l iqu id  air. 

s t ab le  specimens of silver oxalate, a noticeable increase i n  conductivity i s  

observed upon a 3058 decomposition of the  investigated silver oxalate and a 60% 

decomposition f o r  a s tab le  specimen. 

t he  nuclei  of s i l v e r  are compact With respect t o  t h e i r  formation. 

The experiments of these authors showed tha t ,  f o r  uk 

A s  a result, the  authors concluded t h a t  

According t o  the  theory of "lamellar growth of nuclei" the  conductivity 
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should be recorded a t  25% decomposition f o r  an unstable specimen and a t  lo$, 

for a s t ab le  one. 

MacDonald and Sandison measured t h e  conductivity only after c o q l e t i o n  of 

the  experiment, which made it impossible t o  es tab l i sh  the  exact limits of tne 

appearance of conductivity of a crystal  and rendered t h e i r  conclusions unre- 

l i ab le .  Therefore, i n  our work w e  investigated t h e  conductivity during the 

e n t i r e  t h e  of thermal dissociat ion of s i l v e r  oxalate i n  order t o  check the  

data of MacDonald and Sandison. 

The pressure of carbon dioxide evolved during the  reaction was measured 

manometrically. 

soc ia t ion  of silver oxalate 

The metal l ic  s i l v e r  formed during the  reaction of thermal dis- 

changed t h e  conductivity of t h e  pel le ted s t a r t i ng  

product 

To preclude t h e  possible  influence of l i g h t  on t h e  reaction kinet ics ,  all 

experiments were carr ied out i n  t h e  dark; red l i g h t  was used only f o r  i U d -  

nating t h e  display scopes. 

S i lve r  oxalate was prepared from chemically pure silver nitrate and sodium 

oxalate. 

t i l l e d  water, was added by drops f o r  15 min under vigorous s t i r r i n g  ( a t  300 r p m  

of t h e  mixer) t o  t h e  solut ion of sodium oxalate (4 gm in 600 cc water). The tem- 

perature of the  solutions during precipi ta t ion was kept at  29C. 

The solut ion of silver ni t ra te ,  i n  an amount of 5 gm per  200 cc dis- 

The experimental apparatus consisted of a high-vacuum device, a McIeod 

gage, and a react ion tube (F’ig.1) . 
The wal l  of t he  react ion tube was provided w i t h  sealed-in leads t o  which 

platinum p la t e  electrodes o r  probe (Wire) electrodes were attached ins ide  t h e  

react ion tube. The oknmneter was attached t o  the  leads a t  t h e  outside of t h e  

tube . 



U To the 
Langmuir 
=rcury PV 

a. 

Fig.1 Diagram of t h e  High-Vacuum Device 
a - Reaction tube; b - Trap; No.1, 2, and 3 - Flasks. 

The reaction tube was heated in an ultrathennostat  f i l l e d  with glycerol, 

whose temperature was automatically maintained within an accuracy of M.9 C. 

METHOD AND EXPEEMENTAL RESULTS 

A sample of silver oxalate (about 50 mg) i n  t h e  form of a p e l l e t  was placed 

between t h e  platinum electrodes and clamped by insulated steel springs. 

The specimen was placed i n  t h e  reaction tube and t h e  lat ter was connected 

t o  t h e  device. A vacuum of t he  order of - 
device along with t h e  reaction vessels and the  specimen was aged i n  the  vacuum 

u n t i l  t h e  "in-leakage" at disconnected pump did not exceed an order of 

lo+ mm Hg/min. 

s t a r t ed  and this moment was taken as the  beginning of t he  experiment. 

mm Hg was created i n  t h e  

After this, heating by t h e  glycerol-fi l led ultrathermostat was 

The resistance of t h e  investigated substance and t h e  pressure of carbon 

dioxide w e r e  measured simultaneously during the  experiment. 

The maximum carbon dioxide pressure reached upon complete decomposition 
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of the  sample did not exceed 1.5 mm Hg. 

i n t e r v a l  from 10 m i l  t o  0.5 0. 

The resis tance was measured i n  the  

The results of studying the  decomposition k ine t ics  of compressed silver 

oxalate at reaction temperatiires of 105, llG, 115, and U G 0 C  are given below. 

Most experiments were carr ied out t o  80 - 100% decomposition of t h e  starting 

substance . 
To obtain the  k ine t ic  data on the thermal dissociat ion of s i l v e r  oxalate 

and t o  compare them with t h e  data  of other investigators,  w e  performed a series 

of experiments a t  1 2 O o C  on the  thermal dissociat ion of s i l v e r  oxalate powder. 

Fig.2 Velocity-Time C u r v e  f o r  The- Dissociation 
of Si lver  Oxalate 

Figure 2 shows the  curve of t h e  reaction rate of t h e  thermal dissociat ion 

of silver oxalate powder at  1@C, which i n  its overa l l  slope is  similar t o  t h e  

curves of autocatalyt ic  reactions. 

t h e r e  i s  an induction period during which t h e  reaction occurs at  an immeasm 

ably low rate, after which it increases, reaches a m u m  after 34- - 36 min, 

During t h e  first 10 min of decomposition /152 

and then drops t o  zero. 

It i s  known from t h e  l i t e r a t u r e  (Bib1.1, 8) t h a t  the k ine t ic  data  on t h e  

thermal  dissociat ion of silver oxalate, before reaching the  maximum rate, are 

6 
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s a t i s f a c t o r i l y  described by t h e  Kolmogorov-Yerofeyev equation and, during t h e  

e n t i r e  reaction, by the  Yerofeyev-Beltkevich equation. 

I n  view of t h e  f a c t  that the  bulk of t h e  experiments was carried out before 

onset of the  explosive decoqosi';ion of t h e  preparation at the  ins tan t  of at- 

ta ining - velocity, the  mathematical analysis of the  k ine t ic  da ta  was 

carr ied out  by t he  Kolmogorov-Yerofeyev equation (Bibl.9, 10) cr = 1 - exp (-ktn) 

which, i n  logarithmic form, reads 

1% 1 - l ~  (1 -0) 1 =&k +nW. - !  (1) 

It i s  evident that i f  we p lo t  l o g  [-log (1 - a)] on the ordinate and log t 

on t h e  abscissa, we should obtain a s t ra ight  l i n e  whose incl inat ion t o  t h e  

abscissa gives the  value of n, w h i l e  the  in te rcept  with the  ordinate gives t h e  

value of log k. 

The quantity n, as is known ( B b L l l ) ,  i s  equal t o  

where 
n 

(T = number of successive stages, o r  number of electrons, required f o r  

formation of a s t ab le  nucleation locus of the reaction; 

a = constant number, characterizing t h e  form of t h e  reaction nuclei  and 

equal t o  3 ,  2, o r  1 (depending on t h e  formation of three-dimensional, 

cylindrical ,  o r  p l a n s t r a n s l a t i o n d l  reaction nuclei)  . 
It i s  evident f r o m  F'ig.3 that the  k ine t i c s  of t h e  thermal dissociat ion of 

silver oxalate i s  w e l l  described by the Kolmogorov-Ywfeyev topokinetic e+ 

t ion.  

Since, during t h e  main investigation, it was necessary t o  use compressed 

silver oxalate, w e  carr ied out experiments t o  define t h e  influence of pe l l e t ing  

on the  reaction kinet ics .  It was established by corresponding eqeriments  t h a t  

t he  pressing of silver oxalate under o u r  conditions has no noticeable e f f ec t  on 
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t h e  k ine t ics  of t h e 4  dissociation. 

The main eqeriments  with compressed s i l v e r  oxide were carr ied out, as 

indicated above, at temperatures of 105, l l0 ,  U5, and 1 2 0 ° C  w h i l e  simultaneous- 

l y  neaswirig t h e  'kinetics of t h e  process and the e l ec t r i c  r e s i s t i v i t y  of t h e  

preparation. 

The p e l l e t s  of pressed silver oxalate were placed between platinum elec- 

t rodes having p l a t e  o r  w i r e  configuration (d = 1.5 mm), 

The voltage at  t h e  terminals of the oknznneter was 1.3 v and was constant 

regardless of the  voltage of t he  e l ec t r i c  current fed t o  t he  instrument, 

Figures 4 and 5 show the  e n e t i c  data on t h e  decomposition of pressed /153 

s i l v e r  oxalate placed between platinum p l a t e  electrodes. 

t h e  var ia t ion i n  reaction velocity, Fig.5 a lso sham t h e  var ia t ion  i n  e l e c t r i c  

r e s i s t i v i t y  (log R) of the  preparation during the  reaction. 

Simultaneously with 

Fig.3 Log [-log (1 - a)] as a Function of 'Time f o r  
Thermal Dissociation of Si lve r  Oxalate 

It i s  apparent from Fig.,!+ tha t ,  up t o  i n s t an t  of explosion of t he  s i l v e r  

oxalate, the  k ine t ics  exactly obey the  power l a w  and the  change i n  reaction 

8 



veloci ty  i n  logarithmic form is  expressed by a s t ra ight  l i ne .  

are Vir tual ly  ident ica l  and equal t o  4, Toe., t h e  process of t he  formation of a 

s t ab le  nucleus i s  iden t i ca l  fo r  various reaction temperatures. 

Fig.5 t h a t  a marked drop i n  resistance i n  t h e  pressed s i l v e r  oxalate during de- 

composition i s  observed at  t h e  m e n t  of m r n  reaction velocity. 

The values of n 

We see f r o m  

Similar results are obtained i n  experiments with platinum Wire electrodes 

(Figs.6 and 7), which were carr ied out t o  determine the  e f f ec t  of t h e  platinum 

electrode configuration on the  reaction of thermal dissociat ion of s i i v e r  

oxalate . 
Thus, it i s  established t h a t  t h e  configuration of t he  platinum electrodes 

does not a f f ec t  t he  process of t h e d  dissociat ion of silver oxalate. 

I n  one of t h e  experiments (No.47) on the  the& dissociat ion of pressed 

silver oxalate at  11pC placed between platinum w i r e  electrodes, we w e r e  able  

t o  measure t h e  gradual decrease i n  r e s i s t i v i t y  of t he  react ing s i l v e r  oxalate 

from 10 m n t o  0.5 0, followed by detonation of t h e  preparation. 

of t h e  r e s i s t i v i t y  of t h e  preparation on t h e  reaction time can be represented 

by t h e  following Table. 

The dependence 

TABLE 1 

I n  another experiment (No.35) a t  l0FC we were also able  t o  measure the  

gradual drop i n  r e s i s t i v i t y  of t he  reacting s i l v e r  oxalate, p lo t ted  i n  Fig.8, 

The reproducibil i ty of p a r a l l e l  experiments i s  good, confirmed, f o r  ex- 

ample, by Figs.9 and 10, f o r  the reaction of thermal dissociat ion of s i l v e r  

9 



Fig.& Temperature Dependence of the  
Reaction Velocity ( f o r  Plate 

Elect rode s ) 

Fig.5 Correlation between Reaction 
Velocity (@/At) and h g a r i t h  of 
Resistance (log R) on one Hand and 
Reaction Time ( t )  i n  the  Temperature 
Range of 105  - 1 2 $ C  on the  Other 

( f o r  P la te  Electrodes) 

Fig.6 Curves log  [-log (1 -(.)I  vs. Fig.7 Velocity-Time Curves and 
log t f o r  Decomposition of Si lver  hgari thm of Resistance-Time for 
Oxalate at  Various Te  eratures Thermal Dissociation of Agz (OOO), 

(Wire Electrodes 7 at 110, 115, DOC 
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oxalate  at temperatures of l-20 and l l ! ?C .  

DISCUSSION OF THE RESUETS 

A character5stic feature of the  experiments on the  t h e d  dissociat ion of 

silver oxalate at  temperatures of 105, l l 0 ,  115, and U @ C  with simultaneous 

measurement of t h e  r e s i s t i v i t y  of t h e  reacting preparation i s  the  explosive de- 

composition of silver oxalate at  the  instant  maxjmum react ion velocity i s  /Isr 
reached. 

F‘ig.8 Correlation between Iogarithm of 
Resistance and Reaction Time 

Up t o  the  reaction maximum, t he  kinet ics  of t h e  thermal dissociat ion p m  

cess obeys the  exponential law cy = 1 - exp (-kt” ) with values of n c lose t o  4. 

From a k ine t ic  analysis of n = CJ + 3 ,  where CI is  t h e  number of electrons 

required f o r  t h e  formation of a s table  reaction nucleus, we concluded t h a t  i n  

most of our experiments one electron, which i n  this investigated reaction i s  

assumed t o  be s i l v e r  ions, i s  needed for  the  formation of a stable nucleus 

(Table 2). 
ll 



TABLE 2 

I -  

The data i n  Table 2 show that, up t o  t h e  velocity maximum, from 17 t o  30% 

of t h e  s t a r t i n g  substance has t h e  t o  react,  and then t h e  r e s i s t i v i t y  markedly 

drops and the  preparation eq lodes .  

Fig.9 Reproducibility of Velocity-Time Curves and 
I o g a r i t h  of Resistance-Time for the  T h e d  Dis- 
sociat ion of Silver  Oxalate (Wire Electrodes) 

I 2  



Thus, the  following need be explained: 

1) reason f o r  t he  appearance of e l e c t r i c  conductivity of the  salt; 

2) causes leading t o  the explosion of the  unreacted pa r t  of the  prepara- 

tion. 

Evidently, i n  t he  presence of such a quantity of the  reaction product, 

silver oxalate becomes conductive as a result of the  continuous coating of the  

surface of individual c rys ta l s  o r  c rys ta l  aggregates by reaction nuclei. 

ous channels are formed with a low resistance d o n g  which the  e l ec t r i c  current 

i s  directed. 

Nunel.- 

Fig.10 Reproducibility of Velocity-Time Curves and 
Iogarithn of Resistant-Time f o r  the  T h e d  Dis- 

sociation of Silver  Oxalate (Plate  Electrodes) 

If t he  decomposition process of s i lver  o x a h t e  were t o  occw uniformly f156 

over the en t i r e  mass of single crystals, then, as t h e  calculations by MacDonald 

and Sandison (Bibl.7) indicate, t h e  crystal  would become conductive upon decow 

posi t ion of more than 60% of the  substance, whereas i n  r e a l i t y  this occurs at 

17 - 30% decomposition. 
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Apparently, t he  decomposition of silver oxalate begins with t h e  formation 

of numerous reaction nuclei on t h e  surface of t h e  c rys t a l  aggregates wfiich, 

during three-dimensional growth, merge at  the  ins tan t  t h e  maximum reaction VB- 

l oc i ty  is  reached, forming a contiriuo-us f ron t  of metal l ic  s 2 l ~ e r .  

One of t he  possible  causes of the  explosive deconposition might be e l ec t r i c  

breakdown. However, t he  f o l l d n g  f ac t s  oppose this hypothesis (Bibl.U, 13): 

1. For so l id  salts, the  breakdown voltage of an e l e c t r i c  force f i e ld ,  as 

i s  known, amounts to thousands of volts. 

coqa ra t ive ly  l o w  voltage and low strength ( V  = 1.3 v, I = 0.4 m a ) .  

We used an e l e c t r i c  current of a 

2. To produce breakdown it i s  necessary t o  ionize the  gas gap  and create  

a flux of ions o r  electrons, f o r  which a f i e l d  s t rength of t he  order of tens  of 

ld lovol t  i s  required. In our experiments, w e  did not observe a change i n  CUTC 

ren t  s t rength o r  i n  voltage, f i c h  &ned constant during t h e  e n t i r e  experi- 

ment. The distance between the  silver ions was of the  order of lo-* cm, which 

f ! tf4J3.9 
9 ,  

w; 
! 
! 

25j 
! 
! 

r t  i 
# 

Fig.Ua and b Kinetic Curves of t h e  Thermal Dissociation 
of S i lver  O x a l a t e  Placed between Pla te  Electrodes 
(Ekperiments Nos.38, 43) and Pressed around a Wire 

(Experiments Nos.51, 45) 

permitted free passage of t he  electrons along t he  contacting silver pa r t i c l e s ,  

deprived of a charge but. re ta ining a close-packed s t ruc ture  of t h e  c rys t a l  lat- 

t i ce .  Therefore, t he  exqlosion of s i l ve r  oxalate a t  t h e  maximum reaction 



veloci ty  upon contact of t h e  three-dimensional nuclei  must be due t o  other 

causes . 
The explosive decomposition of s i l ve r  oxalate under our experimental /l57 

conditions is, i n  o w  opinion, ;LT~ important sqer i rnenta l  proof f o r  the auto- 

ca t a ly t i c  act ion of t he  react ion product. 

t h e  new so l id  phase is i n  a metastable state ( i n  crystallochemical correspond- 

ence with the  s t a r t i ng  substance) while re ta ining t h e  c rys ta l  s t ruc ture  of the 

i n i t i a l  substance. 

A s  shown by P.D.Dankov (Bibloll+, Pj), 

A t  the  m u m  reaction velocity, individual  nuclei  of t h e  new so l id  phase 

on the  surface of the  c r y s t a l  aggregates form a continuous f ron t  of silver 

pa r t i c l e s ,  which r e t a in  the  s t ruc ture  of t he  c rys t a l  l a t t i c e  of s i l v e r  oxalate. 

A port ion of t h e  metal l ic  s i l v e r  is located at  t h e  in te r face  of t h e  two so l id  

phases: s i l ve rc s i lve r  oxalate. 

reaction of thenndl dissociat ion i n  conformity with t h e  above-cited mechanism 

should occur instantaneously, which i s  also produced by the  pos i t ive  t h e d  

e f fec t  Ag2 (COO), = 2Ag + 2COz + 28 .4  cal.  

Under the e f f ec t  of a flux of e lectrons the  

It i s  necessary to bear i n  mind t h a t  f o r  t h e  explosive decomposition of 

silver oxalate it i s  not a simple electron f l u x  that i s  required but an electron 

f l u x  passing over t h e  s i l v e r  par t ic les ,  which latter are associated with the  

ions of t h e  c rys t a l  l a t t i c e  of t he  i n i t i a l  substance and are removed from it by 

a distance of the  order of atomic spacings (lo-' an). 

The va l id i ty  of this assumption i s  confirmed by the  following data: 

The results of several  experiments are compared in Fig.l la and b. 

periments N0s.51 and 45, at 120°C, the  s i l v e r  oxalate was pressed around a 

platinum wire through which an e l ec t r i c  current ( V  = 1.3 v, I = 0.4 ma) flowed 

during t h e  e n t i r e  reaction of thermal dissociation. 

I n  ex- 

N o  explosion took place. 



The reaction proceeded quietly, t h e  rate of decomposition gradually increased 

t o  a d u m  and then dropped t o  zero. 

t yp ica l  f o r  autocatalyt ic  reactions. 

and 43, at 120°C, with pressed silver oxalate placed between platinum elec- 

trodes, explosive decomposition of t he  preparation always occurred at t h e  maxi- 

mum react ion velocity. 

The veloc i ty- the  curve had a slope 

On t h e  other  hand, in experiments Nos.38 

Fig.l2 Velocity-Time Curves and logarithm of Resistance- 
Time f o r  t he  Thermal Dissociation of S i lver  Oxalate with 

Additions of Reaction Product 

i 
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I 

F’ig.13 
Time f o r  t h e  Thermal Dissociation of Silver Oxalate with 

Additions of Reaction Product 

Velocity-Time Curves and logarithm of Resistance- 

In  most experiments, t h e d  dissociat ion of s i l v e r  oxalate under the  

e f f ec t  of an e l e c t r i c  current l e d  t o  explosion as soon as the  preparation was 

20 - 30% decomposed. 

then t h e  s i l v e r  oxalate with an addition of metal l ic  s i l v e r  ( react ion product) 

16 

If this process were accompanied by e l e c t r i c  breakdown, 



. 

i n  an amount up t o  20 - 30% would produce explosive decomposition upon passage 

of an e l e c t r i c  current during t h e  in i t ia l  stage of t he  reaction. 

However, t h e  experiments on the  thermal  dissociat ion of s i l v e r  oxalate /158 

at a temperature of IX'C -mder t h e  a d i t i o n  of sil-vier (react ion product) i n  

amounts of 5, 10, 15, 20, and 25% showed t h a t  t he  thermal dissociat ion i s  not 

accelerated (Figs .12, 13) . 
Apparently, metal l ic  s i l v e r  wfiich has no bond with t h e  c rys t a l  l a t t i c e  of 

t h e  reacting silver oxalate and which is  introduced i n t o  t h e  reacting med ium 

from without, has no accelerating effect  on the  thermal dissociat ion of silver 

oxalate . 
A shift i n  t h e  maximum react ion velocity toward a l a rge r  time value can 

apparently be explained by the  f a c t  t h a t  t h e  silver p a r t i c l e s  as an addition 

promote a rapid d iss ipa t ion  of t h e  thermal energy of t h e  exothermic reaction 

upon contacting t h e  surface of the c rys ta l  aggregates. 

I n  t h e  experiments with additions of metal l ic  silver, cer ta in  preparations 

did not lead t o  explosive decomposition of silver oxalate despite the f a c t  t h a t  

t he  r e s i s t i v i t y  of t he  reacting substance, long before reaching the  maximum 

velocity, dropped t o  0.5 - 0.6 0 and an e l e c t r i c  current passed through t h e  

preparation (Fig.l.2). 

Figure 13, on t h e  other  hand, shows the  k ine t ic  data  of t he  react ion oc- 

curring with an explosion at  the  maximum, when the  resistivity of t he  react ing 

preparation (log R) markedly dropped at  this moment. 

character of decomposition can apparently be explained by t he  posi t ion of t h e  

s i l v e r  p a r t i c l e s  i n  the  mixture with the  oxalate. 

T h i s  difference in the  

If the  p a r t i c l e s  of t he  introduced silver are d is t r ibu ted  i r regular ly  and 

make up a chainlet  interrupted by individual p a r t i c l e s  of s i l v e r  oxalate, then, 



without reaching the  b u m ,  t h e  electron flux can pass through this chainlet  

without producing a noticeable e f f ec t  on the  k ine t ics  of the  thermal dissocia- 

t i o n  of s i l v e r  oxalate. This case, i n  all respects, resembles the experiments 

Nos.51 and 45 (FSg.lla, b) where the  s i l ve r  oxalate was pressed around a platinum 

wire through which an e l e c t r i c  current was passed. 

In this case, when the  p a r t i c l e s  of t he  introduced s i l v e r  are dis t r ibu ted  

uniformly, separated by p a r t i c l e s  of silver oxalate, the electron flux can pass  

only along t he  surface of t h e  c r y s t a l  aggregates which, close t o  the  maximurn 

reaction velocity, W i l l  be covered by a l aye r  of t he  reacted s i l v e r  which i s  i n  

crystallochemical correspondence With the  silver oxalate. 

plosive decomposition OCCWS. 

As  a result, ex- 

TEMpERATuElE DEPZNDENCE OF EXPIDSIVE DMXlMPOSITION m 
The results of explosive decomposition of s i l v e r  oxalate are presented i n  

Table 3 .  

TABU 3 
__- 

The data of Table 3 show tha t ,  at a pC rise i n  reaction temperature, the  

explosion time drops on the average by 20 min (Fig.5). 

If we p l o t  log T on the  ordinate, where T i s  the  explosion time of silver 



1 
T 

oxalate  i n  minutes, and - on t h e  abscissa, where T i s  the temperature of the  

experiment on t h e  absolute scale,  then we obtain a l i n e a r  dependence between 

these q m n t i t i e s  (Fig.ll+). It is  evident that this dependence can be expressed 

by the  equation 

( 3 )  

The numerical value of the  constant i s  as follows: 

A = 4. x lo", c = 8.555. 

A 
T Fig.& Applicability of t h e  Equation log T = - - C 

CONCLUSIONS 

1. The thermal dissociat ion of s i l ve r  oxalate was studied at  temperatures 

of 105, D, 115, and &C under simultaneous measurement of t he  e l e c t r i c  re- 

sist ivity of t h e  preparation during the reaction. 

2. It was established tha t ,  during t h e  reaction, a marked decrease i n  re- 

sist ivity takes  place accompanied by explosion of t he  preparation on reaching / G O  

. t h e  e u m  reaction velocity which corresponds t o  17 - 30% of decomposition of 

t h e  preparation. 

3 .  It i s  shown tha t  the  explosive decomposition of s i l v e r  oxalate i s  a 

d i r e c t  proof of i ts  autocatalyt ic  decomposition under the  e f f ec t  of a so l id  

19 
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reaction product . 
4. It i s  established tha t  the t ravel  of electrons along a w i r e  not con- 

nected with the c rys t a l  l a t t i c e  of the silver oxalate, w i l l  not cause explosion 

of the  preparation. 

5. It i s  demonstrated that t h e  autocatalytic process i n  t o p o c h d c a l  re- 

actions i s  caused by formation of t h e  solid phase related with the  c rys ta l  lat- 

t i c e  of t h e  i n i t i a l  substance. 
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